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i PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents, 
Ell Washington, D.C. 

I Sir; 

Prior to examination of the above-referenced U.S. patent application please amend the 
|n application as follows: 

IN THE CLAIMS 

Please amend the claims as follows: 



1. (Amended) A connection inspecting apparatus for inspecting connection of a 
connected part, which comprises; 

an irradiation part for applying a radiation to the connected part of members with an 
application condition kept invariant; 

a scintillator for converting a radiation passed through the connected part to a visible light; 

an imaging device for picking up transmission images of the connected part generated 
from the scintillator for a plurality of number of times with changing a storage time; 
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a sub thickness image forming device for forming sub thickness images corresponding to 
the respective plurality of the transmission images of different storage times supplied from the 
imaging device on the basis of a relationship between a brightness density of the transmission 
image and a thickness of the connected part; and 

a superimposed image forming device for forming a thickness superimposed image of the 
connected part by adding the plurality of the sub thickness images to each other. 

14. (Amended) A connection inspecting apparatus which comprises: 
an irradiation device for applying a radiation to a connected part; 

a scintillator for converting a radiation passed through the connected part to a visible light; 

an imaging device for picking up a transmission image of the connected part generated 
from the scintillator; and 

an image forming device for forming brightness information on the basis of the 
transmission image supplied from the imaging device of a first connected part and a second 
connected part of an object to be inspected which overlap at a part in a thicknesswise direction 
thereof, and for forming an image of only the second connected part on the basis of the brightness 
information. 

18. (Amended) The connection inspecting apparatus according to claim 17, wherein 
the image forming device detects a brightness change at an outline position indicated by the 
outline position information with the use of the brightness information, obtains each position 
information of one position and the other position in an outline segment of the overiapping part 
showing a different brightness change from other positions, obtains information on a divide line 
passing the one position and the other position from the position information, and forms the image 
of only the second connected part from the brightness information by changing a binarization level 
at a first region including the first connected part and a second region including the second 
connected part which are divided by the divide line. 



24, (Amended) A connection inspecting method, which comprises: 

applying a radiation to an object to be inspected which has a first connected part 
overlapping with a second connected part at a part in a thicknesswise direction of the object, and 
converting a radiation passed through the object to a visible light; 

forming brightness information on the basis of a transmission image of the first connected 
part and the second connected part in the overlap state which is obtained through the conversion 
to the visible light; and 

forming an image of only the second connected part on the basis of the brightness 
information. 

26. (Amended) The connection inspecting method according to claim 24, whereby the 
operation of forming the image of only the second connected part is carried out by: 

obtaining outline position information of the first connected part on the basis of a 
transmission image of the first connected part with the use of the brightness information; 

detecting a brightness change at an outline position indicated by the outline position 
information; 

obtaining each position information of one position and the other position in an outline 
segment of the overlapping part showing a different brightness change from other positions; 

obtaining information on a divide line passing the one position and the other position from 
the position information; and 

binarizing for a first region including the first connected part divided by the divide line by a 
level in which only the overlapping part is extracted, and binarizing for a second region including 
the second connected part by a brightness level of the second connected part obtained when each 
position information of the one position and the other position is obtained, so that the image of 
only the second connected part is formed from the brightness information. 



29. (Amended) A computer readable recording medium for recording programs to 
make a computer execute: 



a process of applying a radiation to an object to be inspected which has a first connected 
part overlapping with a second connected part at a part in a thickness direction of the object; 

a process of forming brightness information based on a transmission image of the first 
connected part and the second connected part in the overlap state which is obtained by converting 
a radiation passed through the object to a visible light; and 

a process of forming an image of only the second connected part on the basis of the 
brightness information. 

3 1 . (Amended) The computer readable recording medium according to claim 29, 
wherein a program is fiarther recorded for making the computer execute the process of forming 
the image of only the second connected part which comprises: 

a process of obtaining outline position information of the first connected part on the basis 
of the transmission image of the first connected part with the use of the brightness information; 

a process of detecting a brightness change in an outline position indicated by the outline 
position information; 

a process of obtaining each position information of one position and the other position in 
an outline segment of the overlapping part showing a different brightness change from other 
positions; 

a process of obtaining information on a divide line passing the one position and the other 
position from the position information; 

a process of binarizing for a first region including the first connected part divided by the 
divide line by a level in which only the overlapping part is extracted, and binarizing for a second 
region including the second connected part by a brightness level of the second connected part 
obtained when each position information of the one position and the other position is obtained, so 
that the image of only the second connected part is formed fi*om the brightness information. 



32. (Amended) The computer readable recording medium according to claim 29, 
wherein a program is further recorded for making the computer execute the process of forming 
the image of only the second connected part which comprises: 

a process of obtaining outline position information of the first connected part on the basis 
of a transmission image of the first connected part with the use of the brightness information; 

a process of detecting a brightness peak value in an outline position indicated by the 
outline position information; 

a process of obtaining each position information of one position and the other position of 
an outline segment of the overlapping part with setting the detected peaks as the one position and 
the other position; 

a process of obtaining information on a divide line passing the one position and the other 
position fi-om the position information; 

a process of binarizing for a first region including the first connected part divided by the 
divide line by a level in which only the overlapping part is extracted, and binarizing for a second 
region including the second connected part by a brightness level of the second connected part 
obtained when each position information of the one position and the other position is obtained, so 
that the image of only the second connected part is formed from the brightness information. 



IN THE ABSTRACT 

Please replace the original abstract with the enclosed substitute abstract. 



REMARKS 



The above amendments have been made to make minor editorial changes so as to 
generally improve the form of the claims and abstract. 

Attached hereto is a marked-up version of the changes made to the claims and abstract by 
the current Preliminary Amendment. The attached page is captioned " Version With Markings 
to Show Changes Made ". 
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ABSTRACT OF THE DISCLOSURE 



Brightness information of, e.g., an average value of brightnesses at an X-ray image of a 
first connected part v^hen an electronic component is mounted onto only one face of a printed 
board is obtained. Binary images of an X-ray image of the board with the electronic components 
mounted to both faces are formed by an upper and a lower levels relative to the brightness 
information. The binary images are synthesized with each other so as to extract an image of only 
a second connected part. The image of only the second connected part can be obtained in this 
manner on the basis of the X-ray image of the double face-mounted board, so that an accuracy for 
connection inspection is improved in comparison with the related art. Also, a relationship 
between a density in the X-ray image of the connected part and a thickness of the connected part 
is obtained beforehand, based on which a plurality of thickness images are obtained for a plurality 
of X-ray images of different image storage times. The connected part can be inspected by 
synthesizing the images. 
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WHAT IS CLAIMED IS: 

1. A connection inspecting apparatus for inspecting 

connection of a connected part, which comprises: 

an irradiation part jTlllTj for applying a 
radiation to the connected part of members with an 
application condition kept invariant; 

a scintillator jTllsTj for converting a radiation 
passed through the connected part to a visible light; 

an imaging device [Tl2oJ] for picking up 
transmission images of the connected part generated from 
the scintillator for a plurality of number of times with 
changing a storage time; 

a sub thickness image forming device [7l21jJ for 
forming sub thickness images corresponding to the 
respective plurality of the transmission images of 
different storage times supplied from the imaging device on 
the basis of a relationship between a brightness density of 
the transmission image and a thickness of the connected 
part; and 

a superimposed image forming device [j321)j for 
forming a thickness superimposed image of the connected 
part by adding the plurality of the sub thickness images to 
each other. 

2, The connection inspecting apparatus according to 

claim 1, wherein the superimposed image forming device 



computer execute, when the connected parts are present at 
one and the other face opposite to each other of a plate- 
shaped member, the process of forming the sub thickness 
image comprising : 

a process of forming first sub thickness images 
corresponding to the transmission images at the storage 
times for the connected part present at the one face; and 

a process of forming second sub thickness images 
corresponding to the transmission images of the different 
storage times in a state where the connected parts are 
present overlapping at the one and the other face in the 
application direction of the radiation, 

the process of forming the thickness superimposed 
image comprising : 

a process of forming a first thickness 
superimposed image by adding the plurality of first sub 
thickness images to each other; 

a process of forming a second thickness 
superimposed image by adding the plurality of second sub 
thickness images to each other; and 

a process of subtracting the first thickness 
superimposed image from the second thickness superimposed 
image so as to form the thickness superimposed image of the 
connected part present at the other face. 

l"*- A connection inspecting apparatus which 
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comprises : 

an irradiation device Q411)| for applying a 
radiation to a connected part; 

a scintillator Ij^^^Tj for converting a radiation 
passed through the connected part to a visible light; 

an imaging device [^413)1 for picking up a 
transmission image of the connected part generated from the 
scintillator; and 

an image forming device j745lT| for forming 
brightness information on the basis of the transmission 
image supplied from the imaging device of a first connected 
part\(5011)J and a second connected part [(5012)| of an object 
1^421, 422j] to be inspected which overlap at a part jTsOlsT] 
in a thicknesswise direction thereof, and for forming an 
image of only the second connected part on the basis of the 
brightness information . 

15. The connection inspecting apparatus according to 
claim 14, wherein the image forming device binarizes the 
brightness information so as to form the image of only the 
second connected part by a bright side level (A+a) brighter 
than a reference brightness level (A) of the transmission 
image of the first connected part when the object has only 
the first connected part and by a dark side level (A-|3) 
darker than the reference brightness level. 

16. The connection inspecting apparatus according to 



73 



claim 15, wherein, based on an image of the overlapping 
first connected part and second connected part obtained by 
binarizing the brightness information, an image of only the 
first connected part obtained by the binarization by the 
5 bright side level, and an image of the overlapping part 
obtained by the binarization by the dark side level, the 
image forming device deletes the image of only the first 
connected part from the image of the first and second 
p:. connected parts, and adds the image of the overlapping part 

SvLO to an image after the deletion so as to form the image of 

only the second connected part. 
m 17* The connection inspecting apparatus according to 

. claim 14, wherein the image forming device obtains outline 

IP position information of the first connected part based on 

Ml5 the transmission image of the first connected part, and 
bv^' forms the image of only the second connected part on the 

basis of the brightness information and the outline 
position information . 

18, The connection inspecting apparatus according to 

20 claim 17, wherein the image forming device detects a 
brightness change at an outline position indicated by the 
outline position information with the use of the brightness 
information, obtains each position information of one 
position Q5I6) and the other position |T517T| in an outline 
25 segment of the overlapping part showing a different 



brightness change from other positions, obtains information 
on a divide line j^^^^j] Passing the one position and the 
other position from the position information, and forms the 
image of only the second connected part from the brightness 
information by changing a binarization level at a first 
region jj^-^^^]! including the first connected part and a 
second region QszoTj including the second connected part 
which are divided by the divide line. 

19. The connection inspecting apparatus according to 
claim 18, wherein the binarization level formed by the 
image forming device at the divided first region including 
the first connected part is a level for extracting only the 
overlapping part, while the binarization level at the 
second region including the second connected part is a 
brightness level of the second connected part obtained when 
each position information of the one position and the other 
position is obtained. 

20. The connection inspecting apparatus according to 
claim 18, wherein the image forming device obtains each 
position information of the one position and the other 
position on the basis of a peak value of the brightness. 

21. The connection inspecting apparatus according to 
claim 14, wherein the imaging device picks up the image of 
the first connected part and the second connected part in 
the overlap state with changing an image storage time. 
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22. The connection inspecting apparatus according to 
claim 18, wherein the imaging device picks up the image of 
the first connected part and the second connected part in 
the overlap state with changing an image storage time, and 
the image forming device obtains the one position and the 
other position in the outline segment of the overlapping 
part with the use of the brightness information of a 
largest brightness change among the brightness information 
of transmission images for every one of different storage 
times . 

23. The connection inspecting apparatus according to 
claim 22, wherein the image forming device obtains each 
position information of the one position and the other 
position on the basis of the brightness information of a 
largest peak value of the brightness. 

^ connection inspecting method, which comprises: 
applying a radiation to an object |^21, 422Tj to 

be inspected which has a first connected part jTsOnT] 

overlapping with a second connected part [75012^ at a part 
jTsOli]] in a thicknesswise direction of the object, and 

converting a radiation passed through the object to a 

visible light; 

forming brightness information on the basis of a 
transmission image of the first connected part and the 
second connected part in the overlap state which is 



76 



obtained through the conversion to the visible light; and 

forming an image of only the second connected 
part on the basis of the brightness information, 
25. The connection inspecting method according to 

5 claim 24, wherein the operation of forming the image of 
only the second connected part is carried out by: 

binarizing the brightness information so as to 
obtain an image of the first connected part and the second 
connected part in the overlap state; 
vio binarizing the brightness information by a bright 

ff; side level {A+oc) brighter than a reference brightness level 

"^"^ (A) at a transmission image of the first connected part 

Lfl 

when the object has only the first connected part so as to 
y obtain an image of only the first connected part; 

;45 binarizing the brightness information by a dark 

g side level (A-{3) darker than the reference brightness level 

so as to obtain an image of the overlapping part; and 

deleting the image of only the first connected 
part from the image of the first connected part and the 
20 second connected part, and adding the image of the 
overlapping part to an image after the deletion, whereby 
the image of the only the second connected part is formed, 
25. The connection inspecting method according to 

claim 24, whereby the operation of forming the image of 
25 only the second connected part is carried out by: 



77 



m. 



obtaining outline position information of the 
first connected part on the basis of a transmission image 
of the first connected part with the use of the brightness 
information; 

5 detecting a brightness change at an outline 

position indicated by the outline position information; 

obtaining each position information of one 
position jTsieil and the other position [l^lljl in an outline 
segment of the overlapping part showing a different 
:,|0 brightness change from other positions; 

M obtaining information on a divide line |T518T| 

passing the one position and the other position from the 
position information; and 

binarizing for a first region jTsiJ^I including the 
&5 first connected part divided by the divide line by a level 
g in which only the overlapping part is extracted, and 
binarizing for a second region |T52o7| including the second 
connected part by a brightness level of the second 
connected part obtained when each position information of 
20 the one position and the other position is obtained, so 
that the image of only the second connected part is formed 
from the brightness information. 

27, The connection inspecting method according to 

claim 26, wherein each position information of the one 
25 position and the other position is obtained on the basis of 
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a peak value of the brightness. 

28. The connection inspecting method according to 
claim 24, wherein the first connected part and the second 
connected part in the overlap state is picked up by 
changing an image storage time. 

29. A computer readable recording medium for 
recording programs to make a computer execute: 

a process of applying a radiation to an object 
jT421, 422)j to be inspected which has a first connected part 
QsOlYj overlapping with a second connected part |T5012^ at a 
part |(5013) in a thickness direction of the object; 

a process of forming brightness information based 
on a transmission image of the first connected part and the 
second connected part in the overlap state which is 
obtained by converting a radiation passed through the 
object to a visible light; and 

a process of forming an image of only the second 
connected part on the basis of the brightness information. 

30. The computer readable recording medium according 
to claim 29; wherein a program is further recorded for 
making the computer execute the process of forming the 
image of only the second connected part which comprises: 

a process of binarizing the brightness 
information so as to obtain an image of the first connected 
part and the second connected part in the overlap state; 



a process of binarizing the brightness 
information by a bright side level (A+a) brighter than a 
reference brightness level (A) at a transmission image of 
the first connected part when the object has only the first 
connected part so as to obtain an image of only the first 
connected part; 

a process of binarizing the brightness 
information by a dark side level (A-p) darker than the 
reference brightness level so as to obtain an image of the 
overlapping part; and 

a process of deleting the image of only the first 
connected part from the image of the first connected part 
and second connected part, and adding the image of the 
overlapping part to an image after the deletion so as to 
form the image of only the second connected part, 
31, The computer readable recording medium according 

to claim 29, wherein a program is further recorded for 
making the computer execute the process of forming the 
image of only the second connected part which comprises: 

a process of obtaining outline position 
information of the first connected part on the basis of the 
transmission image of the first connected part with the use 
of the brightness information; 

a process of detecting a brightness change in an 
outline position indicated by the outline position 
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information; 

a process of obtaining each position information 
of one position jj^^^")] other position jTs iTTJ in an 

outline segment of the overlapping part showing a different 
brightness change from other positions; 

a process of obtaining information on a divide 
line 1(518) passing the one position and the other position 
from the position information; 

a process of binarizing for a first region jTsisTI 
including the first connected part divided by the divide 
line by a level in which only the overlapping part is 
extracted, and binarizing for a second region Q520r| 
including the second connected part by a brightness level 
of the second connected part obtained when each position 
information of the one position and the other position is 
obtained, so that the image of only the second connected 
part is formed from the brightness information. 
32. The computer readable recording medium according 

to claim 29, wherein a program is further recorded for 
making the computer execute the process of forming the 
image of only the second connected part which comprises: 

a process of obtaining outline position 
information of the first connected part on the basis of a 
transmission image of the first connected part with the use 
of the brightness information; 
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a process of detecting a brightness peak value in 
an outline position indicated by the outline position 
information; 

a process of obtaining each position information 
of one position I (516) { and the other position 1(517)] of an 
outline segment of the overlapping part with setting the 
detected peaks as the one position and the other position; 

a process of obtaining information on a divide 
line jTsisTj passing the one position and the other position 
from the position information; 

a process of binarizing for a first region ^^^^ 
including the first connected part divided by the divide 
line by a level in which only the overlapping part is 
extracted, and binarizing for a second region |T52oT] 
including the second connected part by a brightness level 
of the second connected part obtained when each position 
information of the one position and the other position is 
obtained, so that the image of only the second connected 
part is formed from the brightness information, 
33, The computer readable recording medium according 

to claim 29, wherein a program is further recorded for 
making the computer execute the process of forming 
brightness information based on the transmission image of 
the first connected part and the second connected part in 
the overlap state by picking up the image of the first 
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ABSTRACT OF THE DISCLOSURE 
Brightness information of, e.g., an average value 
of brightnesses at an X-ray image of a first connected part 
when an electronic component |j422)] is mounted onto only one 
face of a printed board [(421)J is obtained. Binary images 
of an X-ray image of the board with the electronic 
components mounted to both faces are formed by an upper and 
a lower levels relative to the brightness information. The 
binary images are synthesized with each other so as to 
extract an image of only a second connected part. The 
image of only the second connected part can be obtained in 
this manner on the basis of the X-ray image of the double 
face-mounted board, so that an accuracy for connection 
inspection is improved in comparison with the related art. 
Also, a relationship between a density in the X-ray image 
of the connected part and a thickness of the connected part 
is obtained beforehand, based on which a plurality of 
thickness images are obtained for a plurality of X-ray 
images of different image storage times. The connected 
part can be inspected by synthesizing the images. 



